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DESCRIPTION 



TRANSMITTER APPARATUS, RECEIVER APPARATUS, 
AND RADIO COMMUNICATION SYSTEM 



Technical Field 

The present Invention relates to a radio communication system for 
transmitting/receiving data in a parallel manner between a transmitter apparatus 
having a plurality of antennas and a receiver apparatus having a plurality of 
antennas. 

Background Art 

Referring now to Fig. 1 , a description is made of a conventional radio 
communication system. The illustrated radio communication system 
comprises a transmitter apparatus 21 having a plurality of antennas and a 
receiver apparatus 22 having a plurality of antennas. In the example being 
illustrated, the transmitter apparatus 21 has two antennas while the receiver 
apparatus 22 has two antennas. 

The transmitter apparatus 21 comprises a serial-to-parallel converting 
apparatus 101, first and second mapping apparatuses 201-1 and 201-2, and 
first and second transmitter antennas 104-1 and 104-2. Two sets of the 
mapping apparatuses are employed In correspondence with the transmitter 
antennas. 

Supplied to the transmitter apparatus 21, an input signal dm of a bit 
stream enters the serial-to-parallel converting apparatus 101. The serial-to- 
parallel converting apparatus 101 converts the input signal dm into first and 
second parallel signals di and dz which correspond to the number of the 
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transmitter antennas. 

The first and second parallel signals di and dz enter the first and second 
nriapping apparatuses 201-1 and 201-2, respectively. In the case that, for 
example, a 4-value PSK is employed as a modulation level, the first and second 
mapping apparatuses 201-1 and 201-2 allocate 1 symbol for every 2 bits of the 
first and second parallel signals (di, da). The first and second mapping 
apparatuses 201-1 and 201-2 convert the first and second parallel signals di 
and da into first and second transmission signals $i and S2, respectively. 

The first and second transmission signals $i and sa are transmitted via 
the first and second transmitter antennas 104-1 and 104-2 to the receiver 
apparatus 22. 

The receiver apparatus 22 comprises first and second receiver antennas 
105-1 and 105-2, a channel estimating apparatus 106, a demodulating 
apparatus 108. first and second demapping apparatuses 202-1 and 202-2, and 
a parallel-to-serial converting apparatus 110, Two sets of the demapping 
apparatuses are employed in correspondence with the transmitter antennas. 

Received in the first and second receiver antennas 105-1 and 105-2, first 
and second received signals ri and vz constitute synthesized waves of the first 
and second transmission signals Si and S2< 

The channel estimating apparatus 106 calculates a channel matrix H by 
using a signal which is referred to as, for example, a pilot signal and which is 
known with respect to both the transmitter apparatus 21 and the receiver 
apparatus 22, The pilot signal is transmitted from the transmitter apparatus 21 
to the receiver apparatus 22 Independent from the first and second transmission 
signals Si and S2. The channel matrix H corresponds to a matrix which is 
expressed by the below-mentioned fomnula 1, and this channel matrix H causes 
the first and second received signals T^ and rz to be related to the first and 
second transmission signals si and S2. 
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h21 Il22][s2]'^[il2) 



Hs+n 



(1) 



It Ghould be noted that symbols ni and n2 indicate first and second noise signals 
which are added to the first and second received signals n and r2, respectively. 

The channel estimating apparatus 106 calculates the channel matrix H 
based upon the pilot signal transmitted by the transmitter apparatus 21 and this 
pilot signal received by the receiver apparatus 22 while the pilot signal is known 
by also the receiver apparatus 22. 

The first and second received signals r^ and r^ enter the demodulating 
apparatus 108. The demodulating apparatus 108 receives the channel matrix 
H from the channel estimating apparatus 106, and obtains first and second 
demodulated signals yi and y2 by using an inverse matrix H'^ of the channel 
matrix H In accordance with the below-mentioned formula 2. 



It should also be noted that although matrix elements hnm(n = 1, 2 ; m = 1, 
2) of the channel matrix H are dynamically varied over time, rf such a case can 



and these matrix elemente are Independently varied, then It Is known that the 
inverse matrix H^'' is present When the inverse matrix H"'' is present, the 
demodulation can be carried out by the above-explained method. 

The first and second demodulated signals yi and yz enter the first and 
second demapping apparatuses 202-1 and 202-2, respectively. The first and 
second demapping apparatuses 202-1 and 202-2 convert the first and second 
demodulated signals yi and y2 into first and second reproduced parallel signals 
"di" and "da" of bit streams respectively in accordance with sequential 





1 f ^22^^ -^^i2'^2 



(2) 



be regarded In which a con-elation among the matrix elements is sufficiently low 
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operations which are completely reversed with respect to those of the first and 
second mapping apparatuses 201-1 and 201-2. That is, for instance, in such a 
case that a 4-value PSK is employed as a modulation multi-value number, the 
demodulated signals (yi, y2) of 1 symbol are converted into reproduced parallel 
signals of 2 bits. 

The first and second reproduced parallel signals "di" and "da" enter the 
parallel-to-serlal converting apparatus 110, The parallel-to-serial converting 
apparatus 110 converts the first and second reproduced parallel signals "di" 
and "da" into an output signal douu which is produced from the receiver 
apparatus 22. 

On the other hand, in the above-explained conventional radio system, 
signal-tb-noise ratios (SNR) "y," and V of the first and second demodulated 
signals yi and ya are expressed by the below-mentioned formula 3 and formula 
4, respectively. 

I Si I |h]ih22-t^l2^21 I'' 
ai^h22l^+|hi2 1^) 



^ ^ |Si I I n] 11122 -^12^21 I ,«> 



^ |S2 I Ihnh22-h]2t^2i I 

It should be noted that and denote the noise power. In addition, the 
noise power may be calculated by using the below-mentioned formula 5 by 
using K pieces of sampling time, assuming now that a demodulated signal as a 
function of time is equal to y(t) (suffix letter is omitted, and omission of suffix 
letter is repeated in below-mentioned symbols). 



K f K T ^ 



The right side of the above-described formula 5 originally corresponds 
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to an amount Indicative of a sum of interference power and noise power 
However, In the above-explained conventional radio communication system, the 
first and second demodulated signals yi and 72 are demodulated by using the 
inverse matrix H'^ of the channel matrix H, and thus, an interference signal 
component is not present in the first and second demodulated signals yi and ya, 
as indicated by the above-described formula 2, This reason is given as 
follows: That is, the first demodulated signal yi of the above-described formula 
2 does not depend upon the second transmission signal S2, and the second 
demodulated signal y2 does not depend upon the first transmission signal Si. 
As a consequence, the right side of the above-described fonmula 5 becomes 
equal to the noise power a^. 

As previously explained, If both the first and second demodulated signals 
yi and yz are measured, and are applied to the above-described formula 5, then 
both the first and second noise power cn^ and 02 may be obtained. However, 
generally speaking, the noise power may be substantially determined based 
upon a noise signal which is produced in an amplifier contained In the receiver 
antenna 1 05. As a consequence, in a case that the same type of receiver 
antennas and the same type of amplifiers are employed in the same 
environment, it Is possible to regard that the first noise power cfi^ of the first 
demodulated signal yi is equal to the second noise power of the second 
demodulated signal yz (01^ = 02^). In addition, inasmuch as noise power is 
not so closely associated with a temporal change, if the noise power o^ is once 
calculated, then this calculated noise power may be employed as a known 

value (ai^ = 02 " const). 

In addition, squared temporal averages |si|^ and |S2|^ of the first and 
second transmission signals correspond to the known values In a radio 
communication system, and further, equal to each other (|Si|^= |S2|^ = const.). 

When the channel matrix H is calculated by the above-descrlbed method 
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in the above-described conventional radio communication system, first and 
second SNRs and yz of the first and second demodulated signals yi and yi 
can be calculated. 

Now, it is assumed that the matrix elements hnm (n=1 , 2 ; m=1 , 2) of the 
channel matrix H. which are dynamically varied, become such values capable of 
satisfying, for example. Ih^^l^ + |hi2|^ " 2(|h2i|^ + Ihul^). In this case, the SNR 
values become yz = 2y^. Thus, it can be seen that the SNR value of the 
second demodulated signal ya is 2 times larger than the SNR value of the first 
demodulated signal yi. In this case, when the SNR value of the first 
demodulated signal yi is equal to a predetermined value, the SNR value of the 
second demodulated signal y2 becomes excessive, which does not give merit in 
view of such a technical point that information is effectively transmitted. In 
order to transmit the information In an effective manner, a transmission 
parameter such as a modulation level is adaptively controlled, and thus, the 
excessively large SNR value is utilized so as to increase the transmission 
speed, which may give merit. 

Among the conventional techniques, several techniques have been 
involved which control transmission parameters based upon physical amounts 
used to estimate line qualities, that are typified by SNRs or the lll<e. For 
instance, in radio communication systems arranged by a transmitter apparatus 
havingVsinglelinte^ and a receiver apparatus having a single antenna, such 
techniques for controlling transmission parameters based upon physical 
amounte such as a code enror rate have been disclosed (see Japanese Laid- 
open Patent Application No. Sho-57-1 55856, and Japanese Laid-open Patent 
Application No, 2001-1 03041), In addition, another technique has been 
disclosed in which a single receiver apparatus for communicating with a 
transmitter apparatus having a plurality of antennas which transmit the same 
signals exclusively selects the antenna of the transmitter apparatus based upon 
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a line quality (see Japanese Laid-open Patent Application No. 2003-78480). 

However, in sucli a radio communication system for transmitting/receiviirig 
data in a parallel manner between a transmitter apparatus having a plurality of 
antennas and a receiver apparatus having a plurality of antennas, a technique 
capable of controlling a transmission parameter based upon a line quality has 
not yet been proposed, while the present invention is directed to the above- . 
explained radio communication system. 

An object of the present Invention is to provide a radio communication 
system arranged by a transmitter apparatus having a plurality of antennas and a 
receiver apparatus having a plurality of antennas, which transmits and receives 
data In a parallel manner and which controls a transmission parameter based 
upon a line quality. 

Disclosure of Invention 

in the present invention, a receiver apparatus measures demodulated 
signals so as to calculate a physical amount with respect to each of signal 
series. The physical amount is used to estimate such a radio line quality as an 
SINR (ratio of signal power to sum of Interference power and noise power). 
Then, based upon this physical amount, the receiver apparatus determines a 
transmission parameter with respect to each of the signal series, and feeds 
bacl« the determined transmission parameter to a transmitter apparatus. The 
transfer parameter is used when the transmitter apparatus controls the 
transmission operation. The transmitter apparatus controls the transmission 
operation with respect to each of the signal series based upon this transmission 
parameter. 

It should be rioted that in such a case that the receiver apparatus 
estimates a channel matrix for causing transmission signals transmitted by the 
transmitter apparatus in a parallel manner to be related to received signals 
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received by the receiver apparatus, and demodulates the received signals 
based upon the estimated channel matrix, the physical amount used to estimate 
the radio line quality can be calculated only by this estimated channel matrix. 

For Instance* SNRs (ratio of signal power to noise power) of 
demodulated signals may be calculated only by a channel matrix. In the case 
that a demodulating operation is carried out based upon the channel matrix, 
since no interference signal component Is contained in the demodulated signals, 
the SNRs of the demodulated signals are equal to the SlNRs thereof. 

Furthermore, in the case that a demodulating operation is carried out 
based upon the channel matrix, if it is assumed that a plurality of transmitter 
antennas separately transmit signals, a sum of SNRs of signals which are 
detected by a plurality of receiver antennas respectively may be regarded as 
either SNRs or SlNRs of the demodulated signals. This amount may also 
be calculated only by the channel matrix. 

In accordance with the present Invention equipped with such an 
arrangement, In the system for transmitting/receiving data in the parallel manner 
between the transmitter apparatus having the plurality of antennas and the 
i^ceiver apparatus having the plurality of antennas, a transmission operation 
can be effectively realized in response to line qualities. 

Brief Description of the Drawings 

Fig. 1 is a block diagram for showing the arrangement of the conventional 
radio communication system. 

Fig. 2 is a block diagram for indicating an arrangement of a radio 
communication system according to a first embodiment of the present invention. 

Fig. 3 is a graph for representing bit error rates In the case that 4-value 
PSK. 8-value PSK, and 16-value PSK are employed. 

Fig. 4 is a block diagram for showing an arrangement of a radio 
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communication system according to a second embodiment of the present 
invention. 

Fig. 5 IS a block diagram for indicating an arrangement of a radio 
communication system according to a third embodiment of the present invention. 

Fig. 6 IS a blocl^ diagram for showing an arrangement of a radio 
communication system according to a fourth embodiment of the present 
invention. 

Fig. 7 is a blocic diagram for indicating an arrangement of a radio 
communication system according to a fifth embodiment of the present invention. 

Fig. 8 is a block diagram for shov^ing an arrangement of a radio 
communication system according to a sixth embodiment of the present 
invention. 

Best l^ode for Carrying Out the Invention 

Now» embodiments of the present invention will now be described in 
detail with reference to drawings. 

(FIRST ElSrtBODIMENT) 

Referring now to Fig. 2, a description is made of a radio communication 
system according to a first embodiment of the present invention. The 
illustrated radio communication system comprises a transmitter apparatus 31 
having a plurality of antennas, and a receiver apparatus 32 having a plurality of 
antennas. In the example being illustrated, the transmitter apparatus 31 has 
two antennas while the receiver apparatus 32 has two antennas. 

The transmitter apparatus 31 comprises a serial-to-parallel converting 
apparatus 101, first and second mapping apparatuses 201-1 and 201-2, and 
first and second transmitter antennas 104-1 and 104-2. Two sets of the 
mapping apparatuses are employed in correspondence with the transmitter 
antennas. 
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The transmitter apparatus 31 is similar to the conventional transmitter 
apparatus 21 Illustrated in Fig. 1 except for one technical point which will later 
be described. This technical point is given as follows: That Is. the first and 
second mapping apparatuses 201-1 and 201-2 receive a transmission 
parameter control signal Xcw from the receiver apparatus 32, and adaptlvely 
control a modulation level corresponding to a transmission parameter based 
upon the transmission parameter control signal Xetn. To this end, the 
transmitter apparatus 31 comprises two sets of receiver antennas 105-3 and 
105-4, and a receiving circuit 72. 

It is assumed that the first and second mapping apparatuses 201-1 and 
201-2 have allocated one symbol for every 2 bits of first and second parallel 
signals (di, dg) by using, for Instance. 4-vaiue PSK, and the first and second 
mapping apparatuses 201-1 and 201-2 have converted the first and second 
parallel signals di and dj into first and second transmission signals si and Sa. 
respectively. In this case, the above-described operation Is changed as 
follows: Both the first and second mapping apparatuses 201-1 and 201-2 
allocate one symbol for every 3 bits of the first and second parallel signals (di. 
d2) by using, for example, 8-value PSK based upon the transmission parameter 
control signal Xotri received by the receiving circuit 72, and convert the first and 
second parallel signals di and d2 into the first and second transmission signals 
Si and 82. respectively. 

This transmission parameter control signal Xc»,i corresponds to a control 
signal produced by feeding back a subsequent transmission parameter control 
signal X„o,d equal to an output signal from a transmission parameter determining 
apparatus 1 1 1 of the receiver apparatus 32. The feedback is canried out by 
containing the next transmission parameter control signal Xnext in either a main 
signal or a control signal of a signal which Is transmitted from, for example, the 
receiver apparatus 32 toward the transmitter apparatus 31 . To this end. the 
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receiver apparatus 32 comprises a transmitting circuit 71, and two sets of 
transmission antennas 104-3 and 104-4. 

The receiver apparatus 32 comprises a receiver antenna 105, a cliannel 
estimating apparatus 106, a transfer parameter estimating apparatus 107, a 
demodulating apparatus 1 08. first and second demapping apparatuses 202-1 
and 202-2. a parailel-to-seriai converting apparatus 110, an SINR estimating 
apparatus 301 , and a transfer parameter determining apparatus 111. Two sets 
of Vne demapping apparatuses are provided in correspondence with the 
transmitter antennas. 

The receiver apparatus 32 is arranged in such a manner that the 
transmission parameter estimating apparatus 107, the SINR estimating 
apparatus 301, and the transmission parameter determining apparatus 111 
have been newly added with respect to the receiver apparatus 22 of the 
conventional art illustrated In Fig. 1. Further, the following different technical 
point Is present. That Is. the first and second demapping apparatuses 202-1 
and 202-2 receive a trannsmlsslon parameter estimated signal Xesi from the 
transfer parameter estimating apparatus 107, and convert the first and second 
demodulated signals yi and yz into reproduced parallel signals based upon this 
transmission parameter estimated signal Xe^. Other stmctural portions of the 
receiver apparatus 32 are similar to those of the receiver apparatus 22 of the 
conventional art illustrated in Fig. 1. 

The transmission parameter estimating apparatus 107 estimates a 
transmission parameter based upon the first and second received signals n and 
T2. In this embodiment, a modulation level is estimated. The transmission 
parameter may be obtained by such a way that, for example, a control signal 
belonging to a main signal is demodulated, or the transmission parameter may 
be estimated from the waveforms of the first and second received signals ri and 
n. The reason why the transmission parameter estimating apparatus is 
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required in the present invention is given as follows: That is. since the 
transmission parameter is adaptively changed on the side of the transmitter 
apparatus, the changed transmission parameter is required to be known on the 
side of the receiver apparatus for performing either the demapping operation or 
the decoding operation. 

The first and second demapping apparatuses 202-1 and 202-2 receive 
the transmisison parameter estimated signal Xostfrom the transmission 
parameter estimating apparatus 107. and converts the first and second 
modulated signals yi and ya into reproduced parallel signals based upon this 
transmission parameter estimated signal Xest- For instance, it is assumed 
that the transmission parameter estimated signal Xest suggests a use of 8-value 
PSK. In this assumption case, the first and second demodulated signals yi 
and yz are converted Into the reproduced parallel signals in such a manner that 
the first and second demodulated signals (yi, yz) of 1 symbol become 3-bit 
reproduced parallel signals. 

The SINR estimating apparatus 301 calculates a ratio (SINR) of signal 
power to a sum of interference power and noise power based upon the first 
and second modulated signals yi and y2, and transmits the calculated SINR to 
the transmission parameter determining apparatus 111 . The SINR may be 
expressed by the below-mentioned formula 6 by using K pieces of sampling 
times, assuming now that a demodulated signal as a function of time is equal to 
y(t) (suffix letter Is omitted. This omission is similarly applied to below- 
mentioned demodulated signal). 



The SINR estimating apparatus 301 calculates this SINR as to tlie first 
and second demodulated signals yi and y2. 




(6) 
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It should be understood that in this embodiment inasmuch as the first 
and second demodulated signals yi and y2 are demodulated by using the 
inverse matrix H*'' of the channel matrix H, as Indicated by the above-explained 
formula 2, an interference signal component is not present in both the first and 
second demodulated signals yi and y2 (namely, first demodulated signals yi of 
above-explained formula 2 does not depend on second transmission signal S2, 
and second demodulated signal y2 does not depend upon first transmission 
signal si). As a consequence, in the case of this embodiment, the SINR 
calculated by the above-described formula 6 may become equal to the SNR. 
Apparently, in the case that an SINR is calculated based upon other 
demodulation methods (for instance, Maximum-Likelihood series estimating 
method/Interference canceller etc.), the calculated SINR is not always equal to 
an SNR. 

The transmission parameter detenmining apparatus 111 receives the 
SINRs as to the first and second demodulated signals yi and ya from the SINR 
estimating apparatus 301, and determines a transmission parameter in the next 
transmission operation based upon the received SINRs, and then produces a 
next transmission parameter control signal Xnext- This next transmission 
parameter control signal Xnext "s transmitted from the transmitting circuit 71 via 
the two transmission antennas 104-1 and 104-2 to the transmitter apparatus 31. 

Normally, in a radio communication, slot-processing operation or frame- 
processing operation is carried out in order to estimate a channel and to 
transmit a control signal. Also, a transmission parameter is controlled for every 
single slot or single frame, otherwise, for every plural slots or plural frames. As 
a result, "next" indicates a next single (plural) frame, or a next single (plural) slot. 

As previously explained, the next transmission parameter control signal 
Xnext is fed back to the transmitter apparatus 31 (namely, is received via two 
receiver antennas 105-3 and 105-4 to receiving circuit 72), and is supplied as 
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the transmission parameter control signal Xcm to both the first and second 
mapping apparatus 201-1 and 201-2. 

Next, operations of thetnansmission parameter determining apparatus 
111 will now be explained by employing a concrete example. 

It is assumed that both the modulation level of the first and second 
transmission signals si and Sz correspond to the 4-va!ue PSKs» the SINR of the 
first demodulated signal yi calculated by the SINR estimating apparatus 301 
corresponds to 7.4 dB, and the SINR of the second demodulated signal y2 
calculated by the SINR estimating apparatus 301 corresponds to 17.4 dB. In 
this case, assuming now that a predetermined line quality is a bit error rate of 
1%, as seen from Fig. 3, the 4-value PSK is suitable for respect to the first 
transmission signal si, whereas the IB-value PSK may be applied with respect 
to the second transmission signal sz- Accordingly, the transmission parameter 
determining apparatus 111 produces the next transmission parameter control 
signal Xnext which designates that the 4-value PSK and the 16-vaIue PSK are 
used with respect to the first and second transmission signals si and $2, 

\Ni\h employment of the above-described operation, 2 bits of data per 1 
symbol can be transmitted in the first transmission signal si, and 4 bits of data 
per 1 symbol can be transmitted in the second transmission signal S2. 
Accordingly, while the required line quality can be satisfied, the effective 
trasmission operation can be realized, as compared with such a case that the 
first and second transmission signals Si and Sa are fixed to the 4-value PSK. 

(SECOND EMBODIIVIENT) 

Referring now to Fig. 4, a description is made of a radio communication 
system according to a second embodiment of the present invention. The 
Illustrated radio communication system comprises a transmitter apparatus 61 
having a plurality of antennas, and a receiver apparatus 62 having a plurality of 
antennas, in the example being illustrated, the transmitter apparatus 51 has 
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two antennas while the receiver apparatus 52 has two antennas. 

The transmitter apparatus 51 is similar to the transmitter apparatus 31 of 
the first embodiment of Fig. 2. 

The receiver apparatus 52 has such a different point that an SNR 
estimating apparatus 501 is provided instead of the SINR estimating apparatus 
301 , as compared with the receiver apparatus 32 of the first embodiment of Fig. 
2. 

The SNR estimating apparatus 501 is not supplied with such first and 
second demodulated signals yi and y/z as explained in the SINR estimating 
apparatus 301 , but is supplied with a channel matrix l-l so as to calculate an 
SNR. This channel matrix H corresponds to an output of the channel 
estimating apparatus 106. 

Originally, as a physical amount used to estimate a line quality, an SINR 
is preferably used. However, as previously explained, in the demodulating 
process operation by the inverse matrix H"'' of the channel matrix H, the 
interference signal component is not present in both the first and second 
demodulated signals yi and ya (namely, first demodulates signal yi of above- 
explained formula 2 does not depend on second transmission signal s^, and 
second demodulated signal ya does not depend upon first transmission signal 
si), so that the SINR may become equal to the SNR. 

The SNR estimating apparatus 501 calculates SNRs of the first and 
second demodulated signals yi and yz from the channel matrix H based upon 
the above-described formula 3 and the above-explained formula 4 (as 
previously explained, =a2^ = const, |si|^ - |S2|^ *= const., all of values are 
known). The calculated SNRs are transmitted to the transmission parameter 
determining apparatus 111 . 

Next, operations as to the transmission parameter determining apparatus 
111 will now be explained by employing a concrete example. 
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For Instance, when a channel matrix H corresponding to Ihup = 1. |hi2| = 
0.5, |h2i|^ = 2, and \h22f = 0.5 is estimated by the channel estimating apparatus 
106, and then, the SNR estimating apparatus 501 calculates SNRs based upon 
these estimated values, the calculated SNRs become y^ = 3y2. In this case, 
assuming now that the second SNR 72 is equal to 7.4 dB, the first SNR 72 
becomes nearly equal to 12.1 dB, As apparent from Fig. 3. in order to obtain a 
bit em3r rate of 1% which corresponds to the line quality In the 4-value PSK, It 
can be understood that an SNR of 7.4 dB may be satisfied. As a consequence, 
in the case that a desirable line quality is a bit error rate of 1 %, as to the second 
transmission signal S2, the 4-'Value PSK is appropriate. However, in the case 
that the 8-vaIue PSK is used, inasmuch as the bit error rate of 1 % 
corresponding to the line quality may be realized by an SNR of 12 dB, even If 
the 8-value PSK is used with respect to the first transmission signal si, then It 
can be seen that the 8-value PSK can satisfy the desirable line quality. To this 
end. the transmission parameter determining apparatus 111 produces such a 
next transmission parameter control signal Xnexi that the 8-value PSK Is used as 
the first transmission signal s^ and the 4-value PSK Is used as the second 
transmission signal sz as the next transfer parameters. The transmitter 
apparatus 51 transmits the first transmission signal si by the 8-value PSK and 
transmits the second transmission signal S2 by the 4-value PSK in the next 
transmission operation. As a result, a high-speed signal transmission 
operation can be expected, as compared with such a case that the 4-value PSK 
is continuously employed for both the first and second transmission signals 81 
and S2. 

(THIRD EMBODIMENT) 

Referring now to Fig. 5, a description Is made of a radio communication 
system according to a third embodiment of the present invention. The 
illustrated radio communication system comprises a transmitter apparatus 61 
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having a plurality of antennas, and a receiver apparatus 62 having a plurality of 
antennas. In the example being illustrated, the transmitter apparatus 61 has 
two antennas while the receiver apparatus 62 has four antennas. 

The transmitter apparatus 61 is similar to the transmitter apparatus 31 of 
the first embodiment of Fig. 2, and the transmitter apparatus 51 of the second 
embodiment of Fig. 4. 

The receiver apparatus 62 has the below-mentioned two different points, 
as compared with either the receiver apparatus 32 of the first embodiment 
illustrated in Fig. 2 or the transmitter apparatus 52 of the second embodiment 
illustrated in Fig, 4. 

One different point is due to a total number of the receiver antennas 105 
being 4. The channel estimating apparatus 106 calculates a 4 X 2 channel 
matrix H indicated by the below-mentioned formula 1, and then, sends the 
calculated 4X2 channel matrix H to the demodulating apparatus 108. 







h,2' 










h22 








1*31 






"3 




^h4i 


h42> 







Also, as to this 4X2 channel matrix H, when it can be regarded that a 
correlation among the matrix elements is sufficiently low and these matrix 
elernents are Indepcndentiy^^^^ is defined as a complex conjugate 

transposed matrix of the channel matrix H, it is known such a fact that such a 
matrix (Moore-Penrose generalized Inverse) as H* = (H"H)'''h" is present, and a 
demodulation by the below-mentioned method can be carried out. 

The demodulating apparatus 108 obtains first and second demodulated 
signals yi and yz from first through fourth received signals n, ra, r3, Xa by using 
this matrix H* as represented in the below-mentioned formula 8. 
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(8). 



Another different point is given as follows: That is, a 
transmitUng/receivIng antenna-to-antenna SNR estimating apparatus 601 is 



embodiment shown in Fig. 2, or the SNR estimating apparatus SOI according to 
the second embodiment shown in Fig. 4. 

Similar to the SNR estimating apparatus 501 according to the second 
embodiment illustrated In Fig. 4, the transmitting/receiving antenna-to-antenna 
SNR estimating apparatus 601 receives a channel matrix H from the channel 
estimating apparatus 106. While this channel matrix H Is used, the 
transmitting/receiving antenna-to-antenna SNR estimating apparatus 601 
calculates SNRs of received signals based upon the below-mentioned formula 9 
In such a conceivable case that the first to fourth receiver antennas 105-1 to 
105-4 separately receive the first and second transmission signals Si and Sj. 



In this example. It is assumed that an antenna for transmitting the first 
transmission signal Si corresponds to the first transmitter antenna 1 04-1 , and 
an antenna for transmitting the second transmission signal sz conresponds to 
the second transmitter antenna 1 04-2. It is also assumed that an antenna for 
detecting the first received signal yi corresponds to the first receiver antenna 
105-1 , an antenna for detecting the second received signal yz corresponds to 
the second receiver antenna 105-2. an antenna for detecting the third received 
signal yz corresponds to the third receiver antenna 105-5. and an antenna for 
detecting the fourth received signal y4 cpn-esponds to the fourth receiver 



provided instead of the SINR estimating apparatus 301 according to the first 




|2 



(n = 1,2,3,4; m = 1,2) 



(9). 
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antenna 1 05-4. When the first transmitter antenna 1 04-1 transmits the first 
transmission signal si and this first transmission signal si is received by the first 
receiver antenna 105-1, an SNR of this received signal ri becomes yn, and 
when this first transmission signal Si is received by the second receiver antenna 
105-2. an SNR of this received signal r2 becomes yai . Also, when this first 
transmission signal si is received by the third receiver antenna 105-3. an SNR 
of the received signal rs becomes yai, and when this first transmission signal si 
is received by the fourth receiver antenna 105-4. an SNR of the received signal 
r4 becomes y^i. Further, when the second transmitter antenna 104-2 transmits 
the second transmission signal sa and this second transmission signal sa is 
received by the first receiver antenna 105-1. an SNR of this received signal ri 
becomes yia, and when this second transmission signal Sa is received by the 
second receiver antenna 105-2, an SNR of this received signal becomes yag. 
Also, when this second transmission signal S2 Is received by the third receiver 
antenna 105-3, an SNR of the received signal ra becomes yaa. and when this 
second transmission signal Sa is received by the fourth receiver antenna 105-4, 
an SNR of the received signal r4 becomes 742. 

Also, as previously explained, inasmuch as <yi* = 02^ = 04^ ■ const, 
[sil^ = = const., and all of these values are known, if the channel matrix H 
can be obtained, then an SNR ynm may be calculated. 

The transmitting/receiving antenna-to-antenna SNR estimating apparatus 
601 transmits the ynm calculated in the above-described manner to the 
transmission parameter detenmining apparatus 111. 

The transmission parameter detennlnlng apparatus 111 receives the SNR 
ynm from the transmitting/receiving antenna-to-antenna SNR estimating 
apparatus 601. It is assumed that, for example, there are one relationship of 
yii > 721 > Y31 > Y41 and another relationship of yi2 > y22 > ysz > Y42 in the received 
SNR ynm. in this case, for Instance, two sets of the largest SNRs of each of 
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both the first and second transmission signals Si and S2 are selected, and then, 
such an SNR obtained by adding the selected two largest SNRs to each other Is 
regarxled as SNRs of the first and second demodulated signals yi and y2. In 
other words, the SNR of the first demodulated signal yi becomes yi - yii + Y21, 
and the SNR of the second demodulated signal yi becomes 72 = Y12 + Y22. 
Based upon the obtained SNRyi and SNRy2. the transmission parameter 
determining apparatus 111 selects a proper transmission parameter, and 
produces the next transmission parameter control signal Xnexi similar to the first 
embodiment and the second embodiment. As a result, a transmission 
operation In a higher efficiency can be expected. 
(FOURTH ElVIBODIMENT) 

Referring now to Fig. 6, a description is made of a radio cornmunlcation 
system according to a fourth embodiment of the present invention. The 
illustrated radio communication system comprises a transmitter apparatus 11 
having a plurality of antennas, and a receiver apparatus 12 having a plurality of 
antennas. In the example being illustrated, the transmitter apparatus 11 has M 
pieces of antennas, and the receiver apparatus 12 has N pieces of antennas. 

This fourth embodiment conesponds to a generalized embodiment while 
the radio communication system according to the first embodiment illustrated in 

Fig. 2 is used as a base. 

The radio communication system of this fourth embodiment has the 
below-mentioned different points, as compared with the radio communication 
system according to the first embodiment illustrated in Fig. 2. That Is, the 
respective apparatus receive changes which are due to a change in numbers of 
antennas. A coding apparatus 1 02 is provided in the transmitter apparatus 11 . 
instead of the demapping apparatus 202. a decoding apparatus 109 is provided. 
The demodulating method of the demodulating apparatus 108 is generalized. 
A function capable of calculating a physical amount used to estimate a line 
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quality is generalized, and this generalized function is employed in the 
transmission parameter determining apparatus 111, so that the SINR estimating 
apparatus 301 Is omitted. 

Next, the radio communication system according to this fourth 
embodiment will now be explained by paying attention to the above-described 
different points. 

The $erial-to-para!lel converting apparatus 101 converts an input signal 
d|n of a bit stream into first through l\/l-th parallel signals di through dM. the total 
number of which are equal to a total number M of the transmitter antennas 104. 
The coding apparatus 102 receives a transmission parameter control signal Xctri. 
and error-correotion-codes the first to M-th parallel signals di to dM based upon 
this received transmission parameter control signal Xcm. and then, produces 
first through M-th error conrection coded signals Ci through cm. At this time, the 
coding apparatus 102 controls the structures of the error correction codes and 
the coding ratio based upon the transmission parameter control signal Xdtiu 

The mapping apparatus 1 03 receives the transmission parameter control 
signal Xcw, and converts, based thereupon, the first through M-th error 
correction coded signals ci to Cm into first through M-th transmission signals st 
through sm» respectively. For instance, In the case that the modulation multi- 
valued value is the 4-value PSK, the mapping apparatus 103 produces 1 
symbol with respect to a 2-bit input Also, in the case that the modulation 
multi-valued value Is the 8-value PSK, the mapping apparatus 103 produces 1 
symbol with respect to a 3-bit input At this time, the mapping apparatus 103 
controls these modulation levels based upon the transmission parameter control 
signal Xctri* 

It should be also understood that the transmission parameter control 
signal Xctn is such a control signal produced by feeding back the next 
transmission parameter control signal XnBxt corresponding to the output of the 
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transmission parameter determining apparatus 111 . The first tiirough M-th 
transmission signals! Si to sm are transmitted to the receiver apparatus 12 by the 
first through M-th transmitter antennas 104-1 to 104-M respectively. 

Detected by first through N-th receiver antennas 105-1 to 105-N, first 
through N-th received signals n to tu constitute inputs to both the transmission 
parameter estimating apparatus 107 and the demodulating apparatus 108. 

As previously explained, the channel estimating apparatus 106 calculates 
an N X M channel matrix H of the below-mentioned fomnula 10 by using, for 
example, the pilot signal. 



r = 
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(10). 



The transmission parameter estimating apparatus 107 estimates a 
transmission parameter based upon the first through N-th received signals ri to 
rN. The demodulating apparatus 108 is supplied v\^ith the channel matrix H and 
the first through N-th received signals ri to rN. and furthermore, the transmission 
parameter estimated signal Xast derived from the transmission parameter 
estimating apparatus 1 07 so as to produce first through M-the demodulated 
signals yi through ywi- As a demodulating method, first of all. a demodulating 
method with employment of the channel matrix H may be used similar to the 
first embodiment through the third embodiment. In this case, the demodulating 
apparatus 108 produces the first through M-th demodulated signals yi yM in 
accordance with the below-mentioned fomiula 11 . It should also be noted that 
H*=(H"H)-^H"(N^M). H*=H"(H"H)-'(N<M). 
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As other demodulating methods» a Maximum-Likelihood series estimating 
method, an interference canceller, and the like are conceived. In these other 
demodulating methods, the transmission parameter estimated signal Xeat is 
required in a demodulating operation. The demodulating apparatus 108 
controls transmission parameters based upon the transmission parameter 
estimated signal Xest. These transmission parameters are used when a replica 
signal is produced in a Maximum-Likelihood series estimating method, a replica 
signal Is produced in an interference canceller, and the like. 

The decoding apparatus 109 converts the first through M-th demodulated 
signals yi to yw into first through M-th reproduced parallel signals di, d2, — , 
dw based upon the transmission parameter estimated signal Xest. As the 
decoding apparatus 109, an MAP decoder, a soft judgement Viterbi decoder, 
and the like are employed. In the case that the decoding apparatus 109 
demodulates, for example, from the first through M-th modulated signals yi to 
yM by using a bit likelihood ratio, this decoding apparatus 109 is to receive the 
channel matrix H from the channel estimating apparatus 106 since a channel 
variation Teceived by the first through M-th transmission signals Si to Sm Is 
required. 

The parallel-to-serial converting circuit 110 converts the first through M-th 
reproduced parallel signals di, dz, — , dwi into an output signal dout, and then, 
produces this output signal dout from the receiver apparatus 12. 

The transmission parameter determining apparatus 111 evaluates a line 
quality by using the first through M-th demodulated signals yi to yM. For 
example, the transmission parameter determining apparatus 111 calculates the 
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SINRs indicated in the above-described formula 6 so as to evaluate tlie line 
quality. Based upon the evaluated line quality, the transmission parameter 
determining apparatus 111 determines such a transmission parameter which is 
used in the next transmission operation, and then, produces a next transmission 
parameter control signal Xnax*. This next transmission parameter control signal 
Xnext is fed back to the transmitter apparatus 11 . 

In this embodiment, as the transmission parameter, the modulation levels 
such as the 4-value PSK and the 8-value PSK. the coding ratio in the en-or 
correction coding operation, the code word structure, and the like are used. As 
other transmission parameters, a spread ratio and a hopping pattern In a spread 
spectrum communication system may be used, and also, a carrier number and 
a transmission power distribution In a multi-canrier communication may be used. 

It should also be noted that both the second and third embodiment have 
explained only such a mode that the apparatus (SNR estimating apparatus 501 
and transmitting/receiving antenna-to-antenna SNR estimating apparatus 601) 
for calculating the physical amounts used to estimate the line quality, and also, 
the transmission parameter determining apparatus 111 are provided In the 
receiver apparatus 52 and 62. However, If the channel matrix from the 
transmitter apparatus 51 and 61 to the receiver apparatus 52 and 62 (namely, 
such a matrix for causing signals transmitted from transmitter apparatus 51 and 
61 to be related to signals detected by receiver apparatus 52 and 62) Is 
Identical to the channel matrix from the receiver apparatus 52 and 62 to the 
transmitter apparatus 61 and 61 (namely, such a matrix for causing signals 
transmitted from receiver apparatus 52 and 62 to be related to signals detected 
by transmitter apparatus 51 and 61), then the channel matrix from the 
transmitter apparatus 51 and 61 to the receiver apparatus 52 and 62 may be 
estimated even in the transmitter apparatus 51 and 61 . 

(FIFTH EMBODIMENT) 
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Referring now to Fig. 7, a description is made of a radio communication 
system according to a fifth embodiment of tlie present invention. The 
Illustrated radio communication system comprises a similar arrangement to 
that of the radio communication system Illustrated in Fig, 4 except for the 
following point That is, a channel estimating apparatus 106. an SNR 
estimating apparatus 501, and a transmission parameter determining apparatus 
111 are additionally employed in a transmitter apparatus 51 A, and also, both the 
SNR estimating apparatus 501 and the transmission parameter determining 
apparatus 111 are omitted from a receiver apparatus 52A. 

Although not illustrated in Fig. 7, the transmitter apparatus 51 A comprises 
two antennas which are used to receive a transmission signal transmitted from 
the receiver apparatus 52A. and the received signals received by these two 
antennas are supplied to the channel estimating apparatus 106. 

The radio communication system having such an arrangement may 
achieve a similar effect to that of the radio communication system according to 
the second embodiment illustrated In Fig. 4. In this case, the next transmission 
parameter control signal Xnext from the receiver apparatus 52A to the transmitter 
apparatus 51 A need not be fed back, so that the radio resource may be saved. 
This reason is given as follows: That is, the physical amount (SNR) used to 
estimate the line quality in this case may be calculated only by the channel 
matrix, while the demodulated signals need not be measured, 

(SIXTH EMBODIMENT) 

Referring now to Fig. 8, a description is made of a radio communication 
system according to a sixth embodiment of the present Invention. The 
illustrated radio communication system comprises a similar arrangement to that 
of the radio communication system illustrated in Fig. 5 except for the following 
point That is, a channel estimating apparatus 106, a transmitting/receiving 
antenna-to-antenna SNR estimating apparatus 601, and a transmission 
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parameter determining apparatus 111 are additionally employed In a transmitter 
apparatus 61 A, and also, both the transmitting/receiving antenna-to-antenna 
SNR estimating apparatus 601 and the transmission parameter determining 
apparatus 111 are omitted from a receiver apparatus 62A. 

Although not illustrated in Fig. 8, the transmitter apparatus 61 A comprises 
two antennas which are used to receive a transmission signal transmitted from 
the receiver apparatus 62A, and the received signals received by these two 
antennas are supplied to the channel estimating apparatus 106. 

The radio communication system having such an arrangement may 
achieve a similar effect to that of the radio communication system according to 
the third embodiment Illustrated In Fig. 5. In this case, the next transmission 
parameter control signal Xnext from the receiver apparatus 62A to the transmitter 
apparatus 61 A need not be fed back, so that the radio resource may be saved. 
This reason is given as follows: That is, the physical amount 
(transmitting/receiving antenna-to-antenna SNR) used to estimate the line 
quality in this case may be calculated only by the channel matrix, while the 
demodulated signals need not be measured. 



